Average structural and motional properties of a diunsaturated acyl chain in a lipid bilayer: effects of two cis-unsaturated double bonds.
Isolinoleic acid (18:2 delta 6,9) deuterated at 10 different positions was esterified to form 1-palmitoyl-2-isolinoleoyl-sn-glycero-3-phosphocholine (PiLPC), and the average structural and motional properties of the diunsaturated chain, in aqueous dispersions of PiLPC, were examined by 2H NMR spectroscopy. For each sample, 2H spectra were acquired over a temperature range of 1-40 degrees C and the quadrupolar splittings interpreted in terms of carbon-deuterium bond order parameters, SCD. Furthermore, definition of the average orientation of the C8 methylene unit with respect to the bilayer normal [Baenziger, J. E., Smith, I. C. P., Hill, R. J., & Jarrell, H. C. (1988) J. Am. Chem. Soc. 110, 8229-8231] provided sufficient information to calculate both the average orientations and the molecular order parameters, Smol (which reflects the amplitudes of motion), for the C6-C7 and the C9-C10 double bonds. The results indicate that both the motional freedom (reflected in the order profile) and the average structure (reflected in the orientation of carbon segments with respect to the bilayer normal) are strongly affected by the presence of two cis-unsaturated double bonds. The data were interpreted in terms of two possible models whereby, in each case, the chain adopts a conformation consistent with the low-energy conformation of 1,4-pentadiene [Applegate, K. R., & Glomset, J. A. (1986) J. Lipid Res. 27, 658-680] but undergoes a two-site jump between the conformations. The jump motion arises mainly from rotations about the C7-C8 and the C8-C9 single bonds that disorder the C8 and the C9-C10 segments (Smol = 0.15 and 0.08, respectively) but leave the C6-C7 double bond relatively immobile (Smol = 0.55; all at 40 degrees C). It is suggested that acyl chains containing three or more double bonds could not undergo a similar jump motion and therefore would be highly ordered and not "fluid" as is generally thought.